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To celebrate the 20th anniversary of Neuron, we have invited authors of research articles in the first issue to re-
flect on their paper and how their field has evolved since 1988. It is a testimony to the insight and prescience of
the journal’s founders and original editors that the topics covered in Volume 1, Issue 1 continue to be relevant to
the field, even today, two decades later. The abstracts of the original papers are reprinted below, followed by the
authors’ reflections.
Neuron, March 1988, Volume 1, Issue 1
Cellular Determination in the Xenopus Retina Is
Independent of Lineage and Birth Date
Christine E. Holt, Thomas W. Bertsch, Hilary M. Ellis, and William A. Harris
Department of Biology and Center for Molecular Genetics B-022, University of California, San Diego, La Jolla, CA 92093, USA
Xenopus embryos injected with tritiated thymidine throughout the stages of embryonic retinal
neurogenesis showed that more than 95% of the embryonic retinal cells are born within a 25 hr period.
While there are shallow central to peripheral, dorsal to ventral, and interlaminar gradients of
neurogenesis in these eyes, throughout most of this 25 hr period, postmitotic cells are being added to
all sectors and layers. Small clones of differentiated retinal neurons and glia derived from single
neuroepithelial cells injected with HRP. These clones were elongated radially. They were also
composed of many different combinations of cell types, suggesting a mechanism whereby
determination is arbitrarily and independently assigned to postmitotic cells. Such a model, when tested
statistically, fits our data very well. We present a scheme for cellular determination in the Xenopus
retina in which a coherent group of clonally related cells stretch out radially as lamination begins. This
brings different cells into different microenvironments. Local interactions in these microenvironments
then lead the cells toward specific fates.Driving home along the coast after a lovely dinner at a beach-
side restaurant in Lomas Santa Fe, Christine and I began to talk
about axon growth, because even though we were recently
married, we were nerds. Christine was just finishing some
experiments to reveal how the growth cones of recently born
retinal ganglion cells change and become complex at particular
places in the optic pathway. Then, as the sun turned red and
dipped into the Pacific, Christine looked at me and murmured
softly, ‘‘What if we injected cells before they were born?’’
‘‘Well,’’ I said excitedly, ‘‘we’d see clones! And lineage! Let’s
do it now!’’ That romantic moment was when this paper was
‘‘conceived.’’
When we started these experiments, we didn’t know that we
weren’t the only ones with ideas about studying lineage in the
vertebrate nervous system. At Harvard, Connie Cepko and col-
leagues were already a step ahead. They’d been infecting the
CNS of mouse embryos with replication-incompetent retrovi-
ruses, while Joe Wetts and Scott Fraser at Caltech were, like
us, injecting tracers into single progenitor cells in Xenopus ret-
inas. We all got basically the same results and published them
in good journals (except Neuron wasn’t good yet, it wasn’t
anything yet.).
This work showed that single retinal progenitors were multipo-
tent and uncommitted to cell-type-specific fates. This seemed
strikingly similar to what Don Ready in Seymour Benzer’s labhad shown to be the case for the generation of the various cell
types in the Drosophila retina. Perhaps, then, there were also
molecular similarities guiding retinal fate in these two very differ-
ent types of animal. On the strength of this hunch, vertebrate
homologs of signalingmolecules and transcription factors known
to be involved in retinal development in Drosophila were discov-
ered in many laboratories. How these factors and others, yet to
be discovered, all work together to produce the correct cellular
composition of the vertebrate retina, is, however, only beginning
to be understood.
Another very basic question that arose from these first papers
on retinal lineage is how clonal composition can be so variable
while respecting the sequence of retinal histogenesis—the fact
that cell types are born in a specific order. At first, many of us
thought that the answer to this question was mostly down to en-
vironment. One could imagine that, as different cell types were
made, they fed positive and negative signals back to the pro-
genitors to control what the next cells became. Indeed, a feed-
back signal from retinal ganglion cells, for example, is able to
inhibit progenitors from making more retinal ganglion cells.
While such feedback mechanisms are at work, it is quite possi-
ble that they are more of a fine-tuning mechanism. The basic
scheme may be less about environment and more about intrin-
sic potential. For example, we know that as histogenesis pro-
ceeds, retinal cells change competence states, such that lateNeuron 60, November 6, 2008 ª2008 Elsevier Inc. 395
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early environment.
The questions that face us now are still very basic. If retinal
cells progress through steps of competence, how many such
steps are there, and how are these steps controlled. Another
fundamental question is how progenitors know how many cell
cycles to go through to generate all the correct fates in just the
right numbers and proportions. Several of the basic cell types
come in an amazing variety of different subtypes; for example,
in the zebrafish retina there are as many as 17 different morpho-
logical subtypes of bipolar cells, and probably more than 20 sub-
types of amacrine cell. How are all these subtypes generated?Neuron, March 1988, Volume 1, Issue 1
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Dopamine induces a decrease in voltage-depende
H. aspersa. This effect is blocked by intracellular
affinity-purified antibody against the a subunit of bo
by intracellular injection of mammalian a0. In sna
a single protein band on SDS gels, and this band is
We propose that this is a 40 kd subunit of a mollusc
it mediates the effect of dopamine on Ca2+ currents
The 1980s was an exciting time for the study of neuromodulation
and its role in shaping the firing properties of neurons. During this
decade, it was slowly becoming clear that, in addition to the
well-understood rapid (ms) ionotropic actions of fast transmitters
such as glutamate and GABA, completely separate metabo-
tropic pathways exist which are triggered by G protein-coupled
receptors and modify the properties of neurons and synapses
over much longer times. These actions could lead to neural net-
work reconfigurations, allowing a single network to produce a
variety of different behavioral outputs. However, the detailed
molecular and biophysical mechanisms mediating these slow
modulatory actions were not yet clear. Several second messen-
ger pathways were starting to be understood, including those
mediated by cAMP, cGMP, Ca2+, and phosphoinositide metab-
396 Neuron 60, November 6, 2008 ª2008 Elsevier Inc.Are they molded from of an ancestral fate that they all share, or
do they arise from different lineages?
Twenty years on, while Christine largely turned her attention
back to axon guidance and the biology of the growth cone after
this paper, I was captivated by cell determination, and I have
spent the better part of the last several years following up issues
raised in this paper.
Bill Harris*
Physiology Development and Neuroscience,
Cambridge University, Cambridge CB2 3DY, UK
*Correspondence: harris@mole.bio.cam.ac.uk
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an G protein immunologically related to a0 and that
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olism, but these did not explain all the modulatory actions that
had been discovered.
In 1986, wewereworking in the lab of Dr. HerschGerschenfeld
at the Ecole Normale Supe´rieure in Paris. ‘‘Coco,’’ as his friends
called him, and Danie`le had deep interests in second messenger
mechanisms underlying monoamine and peptide actions on
ionic currents. By 1986, Danie`le and Cocowere focusing their at-
tention on modulation of calcium channels, which play crucial
roles in regulating synaptic transmission and cellular firing prop-
erties. They had already shown in identified neurons of mollusks,
for example, that serotonin enhances ICa via a cGMP pathway
and that the peptide cholecystokinin-8 irreversibly reduces ICa
by a pathway involving PLC and PKC. However, they then dis-
covered an effect that was not easily explained. Dopamine
